ABSTRACT
INTRODUCTION
Organisms have been found to grow in the environment of different temperatures. Some prokaryotes are around hydrothermal vents in the deep sea at the temperature as high as 115 • C or in the icy waters of the Antarctic. Thus, the optimal growth temperature is particularly important to microbial ecological and physiological studies. Proteins from an organism grown in high temperature are more active and stable in such temperatures. A direct relationship, T m = 24.4 + 0.93T env , is observed between the melting temperature (T m ) of protein in many protein families and the average environmental temperature (T env ) of their source organism (Gromiha et al., 1999) . The temperatures were assigned to the optimal growth, normal living environment or in vitro culture experiment for the * To whom correspondence should be addressed.
species. The growth temperature information in Prokaryotic Growth Temperature database (PGTdb) was collected through searching of literatures and Bergey's Manual of Systematic Bacteriology (Kreig and Holt, 1984) . Also the available nucleotide/protein sequences and protein structures from an organism can be retrieved in PGTdb.
Growth temperatures of organisms have been used to study the thermostability of homologous proteins (Vogt et al., 1997; Gromiha et al., 1999; Szilágy and Závodszky, 2000; Kumar and Nussinov, 2001 ). The organism growth temperature was also correlated to genome wide amino acid composition (Kreil and Ouzounis, 2001 ). The information from PGTdb is valuable not only in the biochemical study of protein thermostability but also in further improvement of protein engineering. On the protein thermostability study, a related database is ProTherm, which is a protein thermodynamics database providing T m of wild-type and mutant proteins (Gromiha et al., 2002) . There are 664 unique protein structures included in ProTherm as in June, 2003, while PGTdb includes near 4253 protein structures. There are other informations, such as a total of near 634 000 protein sequences and 161 000 nucleotide sequences from 1072 prokaryotes in PGTdb. Therefore, in addition to protein thermostability study, PGTdb can be used in correlating growth temperature and nucleotide sequence, physiology, ecology and phylogenic studies.
ORGANIZATION AND CONTENTS OF THE DATABASE
The organization of the PGTdb is illustrated in Figure 1 . For providing an easy access for researchers, the information from PGTdb can be retrieved by specifying temperature ( • C) or keywords such as species, genus, the Taxonomy ID from NCBI (Benson et al., 2000) , protein ID from PDB (Berman et al., 2000) and protein family name from Pfam (Bateman, 2002) . Numbers of available nucleotide/protein sequences and protein structures from the individual searched organism are shown on the same page for further links. The PGTdb contains growth temperature data for a total of 1072 different prokaryotes. For bacteria, there are 825 species in NCBI Taxonomy (till February 11, 2003) , whose available number of nucleotide or protein sequences ≥10. Among them, the growth temperature data for 85% of these species were included in this database. For Archaea, the growth temperature data from a total of 296 species are included. The organism that is either unculturable or species name unavailable is not included in the database.
Regarding the growth temperature information, three types of data, the optimal growth temperature, growth temperature range and growth temperature class, are available. Organisms are grouped into growth temperature classes in relation to their temperature optima: hyperthermophile (>80 • C), thermophile (45-80 • C), mesophile (20-45 • C) and psychrophile (<20 • C) (Madigan et al., 2003) . The temperature data were obtained through searching of original literatures and from Bergey's Manual of Systematic Bacteriology (Kreig and Holt, 1984) . This database is to be updated through adding more information internally and externally. A data submission interface is included for such a purpose. Table 1 shows the statistics of the prokaryotes from different temperature classes in PGTdb.
APPLICATIONS
Since the optimal growth temperature is the temperature in which an organism grows most rapidly, keeping the organism at the optimal growth temperature should have largest cultivating production rate. Thus, the optimal growth temperature information in PGTdb is very useful in cultivation of microbes, which is closely related to the production of many biomaterials.
The protein sequence, structure and family links in PGTdb can provide potentially important information to the analysis of protein thermostability, such as data mining (Vieille and Zeikus, 2001) and statistical analysis (Vogt et al., 1997; Kreil and Ouzounis, 2001) , since the growth temperature has been shown to have a direct relationship with the protein melting temperature (Gromiha et al., 1999) . In a genus, the micro-organisms may have very different optimal growth temperatures. Thus, PGTdb can provide the statistic information of the physiology and ecology of the micro-organisms from the same genus. Comparison and analysis of the growth temperature and the corresponding rRNA information in PGTdb may also provide microbial phylogenic properties.
